Objectives: To address the following focused question: "Does the horizontal distance between two adjacent implants inserted in the anterior maxilla affect the inter-implant mucosa fill?". 
bone level and the integrity of the attachment level of the neighbouring tooth (Grunder, 2000) . On the other hand, the complete fill of the inter-implant mucosa is much more challenging between two implants and still considered to be unpredictable (Kourkouta, Dedi, Paquette, & Mol, 2009; Tymstra, Meijer, Stellingsma, Raghoebar, & Vissink, 2010) . However, previous clinical studies have pointed to a relationship between the inter-implant mucosa fill and the horizontal distance between two adjacent implants. In particular, a greater inter-implant bone loss and the absence of the inter-implant mucosa were noted when neighbouring implants were not separated by more than 3 mm (Gastaldo, Cury, & Sendyk, 2004; Tarnow, Cho, & Wallace, 2000) . These findings were corroborated by later investigations that demonstrated a clear trend of increased bone loss as the inter-implant distance decreased (Cardaropoli, Wennstrom, & Lekholm, 2003; Kupershmidt, Levin, & Schwartz-Arad, 2007 ).
In the current literature, however, there are no evidence-based recommendations as to what should be considered the ideal horizontal inter-implant distance in order to ensure an optimal inter-implant mucosa fill and to achieve an ideal aesthetic treatment outcome.
Therefore, the aim of this systematic review was to investigate the level of clinical evidence regarding the inter-implant mucosa fill related to the inter-implant horizontal distance.
| MATERIALS AND METHODS

The reporting of this systematic analysis adhered to the Preferred
Reporting items for Systematic Review and Meta-analyses (PRISMA) statement (Moher, Liberati, Tetzlaff, & Altman, 2009 ).
| Focused question
The following question was developed according to the population, intervention, comparison, and outcome (PICO) study design: "Does the horizontal distance between the two adjacent implants inserted in the anterior maxilla affect the fill of inter-implant mucosa?". Population: patients with multiple missing teeth in the anterior maxilla.
Intervention: multiple adjacent implant-supported crowns in the anterior maxilla.
Comparison: radiographic horizontal distance between the outer surfaces of the two adjacent implants.
Outcome: inter-implant mucosa fill.
| Search strategy
| Population
Subjects in the included study must have had at least two adjacent osseointegrated dental implants in the maxillary anterior region (incisors, canines, and premolars) restored with implant-supported crowns. All timings of implant placement (Type I-IV (Hämmerle, Chen, & Wilson, 2004) ) were included.
| Inclusion and exclusion criteria
The inclusion criteria were the following: randomized controlled clinical trials (RCT), prospective cohort studies, retrospective studies, crosssectional studies and case series, evaluating interproximal papilla height in relation to the radiographic horizontal distance between two adjacent implants, on a minimum of 10 patients in good general health treated with at least two implant-supported crowns in the anterior maxilla, with a follow-up of 1 year or more following the crown placement. 6 Articles not restricted to the anterior maxilla.
| Selection of studies
Titles and abstracts from this search were independently screened by 2 reviewers (A.R. and A.R.) based on the inclusion criteria. Following this, the two independent reviewers screened all selected abstracts for possible inclusion in the review and determined the selection of full-text articles. The full texts of all studies of possible relevance were than obtained for independent assessment by the reviewers. Any disagreement was resolved through discussion, consulting a third part when consensus could not be reached.
The initial electronic search resulted in the identification of 208 titles from the Medline-Pubmed database and 22 titles from the Cochrane Central Register of Controlled Trials (CENTRAL). After elimination of the duplicate titles and identification of 4 hand-searched articles, a total of 212 titles were considered for possible inclusion.
Retrieval of the 212 abstracts and further evaluation led to 13 full-text articles being selected. Of the 13 full-text examined articles, 9 were excluded from the final analysis (Table 1 ). The reason for excluding studies after full-text assessment were as following: no radiographic evaluation of the horizontal distance between adjacent implants (n = 3), no evaluation of the inter-implant papilla (n = 2), not restricted to the anterior maxilla (n = 3), a review paper (n = 1). Finally, 4 studies were identified for inclusion in the review. Figure 1 illustrates the search process.
| Data collection
Out of the 4 studies included, general information on the study design, the setting where investigation was conducted, number of implants and patients, and patient-related factors were retrieved (Table 2 ).
Information regarding implant site characteristics, implant type, timing of implant placement, and loading were also extracted and presented in Table 3 .
Clinical and radiographic data were retrieved for the analysis (Tables 6 and 7) . Mean values and standard deviations, where available, were extracted in duplicate by two reviewers (AR and AR).
| Quality assessment
The Cochrane Collaboration's tool for assessing risk of bias was used in the case of randomized controlled clinical trials (Moher et al., 2009 ).
Methodological quality assessment of the non-randomized studies was based on the Newcastle-Ottawa Quality Assessment Scale for Cohort studies (Wells et al., 2009) (Tables 4 and 5 ).
| Data synthesis
Preliminary evaluation of the selected studies revealed that there was considerable heterogeneity among the studies with regard to study design, study population, method of assessment of clinical and radiographic parameters. This considered, it was not possible to conduct a quantitative data synthesis, leading to meta-analysis. Nevertheless, authors attempted to report the data in order to perform a descriptive analysis.
| RESULTS
| Study characteristics
Four studies satisfied the inclusion criteria and were included in the review (Figure 1) . Two observational prospective studies (Degidi, Novaes, Nardi, & Piattelli, 2008; Tymstra et al., 2010) and one crosssectional study (Kourkouta et al., 2009) were assessed using the Newcastle-Ottawa Scale (Wells et al., 2009 ). The studies scored 3 to 7 stars (out of 9) and 9 (out of 10), respectively (Table 4) .
One study was an RCT (Tymstra et al., 2011) and, according to the recommended approach suggested by the Cochrane Collaboration, was judged to be of unclear risk of bias (Table 5 ).
All of the included studies were published between 2008 and 2011. Three studies were con-ducted in university settings (Kourkouta et al., 2009; Tymstra et al., 2010 Tymstra et al., , 2011 , whereas one was carried out in a private practice (Degidi et al., 2008) (Table 2 ).
| Patient characteristics
When the sample sizes from each study were combined, a total of 114 patients were included ( Table 2 ). The age range of the patients was between 18 and 70 years. One study (Tymstra et al., 2011) did not include patients who smoke, whereas the study by Degidi et al. (2008) (Degidi et al., 2008) excluded only heavy smokers (>20 cig./day). The other 2 studies (Kourkouta et al., 2009; Tymstra et al., 2010) did not report the patients' smoking habits.
Three of the studies included only periodontally and systemically healthy patients (Degidi et al., 2008; Tymstra et al., 2011) , while Tymstra et al. (2010) did not report the patients' periodontal and systemic health statuses (Tymstra et al., 2010) .
T A B L E 1 List of the excluded studies
Reference
Reason for exclusion Tymstra et al. (2011) No radiographic evaluation of the horizontal distance between adjacent implants Cosyn et al. (2013) Siqueira et al. (2013) Kupershmidt et al. (2007) No evaluation of interimplant papilla Jo et al. (2014 ) Gastaldo et al. (2004 Not restricted to the anterior maxilla Lee et al. (2005) Lee et al. (2006) Zetu et al. (2005) Review paper
| Implant site characteristics
All immediate implants in the clinical study by Degidi et al. (2008) were placed at sites that did not require bone augmentation procedures (Degidi et al., 2008) (Table 3) .
Local ridge augmentation during implant placement surgery was performed in 21 (out of 35, 60%) implants (Kourkouta et al., 2009) , to 12 (out of 20, 60%, control group: implants with flat platforms) and 13
(out of 20, 65%, test group: implants with scalloped platforms) patients (Tymstra et al., 2011) .
Bone augmentation at least 4 months before implant placement was performed in 10 (out of 20, 50%, test group) and 9 (out of 20, 45%, control group) implants (Tymstra et al., 2011) . All patients (10) included in the study by Tymstra et al. (2010) received bone grafts harvested from the chin region 3 months prior to implant placement (Tymstra et al., 2010) .
| Implant characteristics
In total, 287 implants of various types were included in the review (Table 3 ). In particular, 3 of the studies (232 implants) (Degidi et al., 2008; Tymstra et al., 2010 Tymstra et al., , 2011 used bone-level implants, whereas in the study by Kourkouta et al. (2009) All studies used two-piece implants with matching implantabutment junctions. With the exception of one study that used turned-surface implants (20 implants) (Tymstra et al., 2010) , the rest of the implants (267 implants) had moderately rough surfaces (Degidi et al., 2008; Kourkouta et al., 2009; Tymstra et al., 2011) .
Out of 114 patients, 58 received immediate implants after the extraction of the teeth (Type I) (Degidi et al., 2008; Kourkouta et al., 2009 ).
For the rest of the patients, late implant placement (more than 6 months after extractions, Type IV) to the fully healed sites was performed as a 2-stage procedure (Kourkouta et al., 2009; Tymstra et al., 2010 Tymstra et al., , 2011 .
| Implant loading and restoration
One study included immediately placed implants that were immediately restored with screw-retained provisional restorations (Degidi et al., 2008) (Table 3) A statistically significant association between the type of provisional restoration and inter-implant mucosa fill was noted, showing fixed temporary restorations being superior to removable ones (p = .006) (Kourkouta et al., 2009 ).
In the remaining two studies (Tymstra et al., 2010 (Tymstra et al., , 2011 , all patients received conventional implant loading from between 3 and 6 months.
The time of the final restoration placement varied between 6 months (Tymstra et al., 2010 (Tymstra et al., , 2011 to 10-13 months (Degidi et al., 2008 ).
| Horizontal inter-implant distance
All of the included studies used periapical radiographs to evaluate the horizontal inter-implant distance (Table 6 ). However, this was based on different reference points defined for the respective measurements. In particular, three studies in which bone-level implants were used measured the horizontal distance either at the implant neck (Tymstra et al., 2010 (Tymstra et al., , 2011 or between the 2 implant-abutment junctions (Degidi et al., 2008) . The mean distance measured at the implant neck varied between 3.0 and 3.8 mm (Tymstra et al., 2010 (Tymstra et al., , 2011 , whereas at the height of implant-abutment junction a wider distance ranging between 2.01 to 4.0 mm was indicated for the majority of the cases (61 out of 99, 66.61%) (Degidi et al., 2008) (Table 6 ).
In the study where soft-tissue level implants were placed, the authors measured the horizontal distance between the adjacent implants at the implant shoulder level, SLA and smooth sur-face junction, and just the coronal to the first thread (Kourkouta et al., 2009 
| Inter-implant mucosa fill and time of implant placement and restoring
All 4 included studies used Jemt's index score for inter-implant mucosa fill evaluation (Degidi et al., 2008; Kourkouta et al., 2009; Tymstra et al., 2010 Tymstra et al., , 2011 (Table 7 ).
Jemt's score of 0, pointing to the absence of the inter-implant mucosa, was present in 26% (5/19) to 32% of (6/9) inter-implant spaces (Tymstra et al., 2011) and in 40% of the patients (4/10) who received (Tymstra et al., 2010) conventional restorations. Improved clinical outcomes in terms of absence of inter-implant mucosa were noted for immediate implant restorations (Jemt's score 0 present in 5% of interimplant spaces (1/9) (Kourkouta et al., 2009 ).
When considering an aesthetically acceptable outcome (Jemt's scores 2 to 3), a similar ten-dency of immediately restored implants
showing superior results in comparison to conventionally restored implants could be observed. Particularly, Jemt's scores 2 to 3 were present in 21% (4/19) to 32% (6/19) of inter-implant spaces (Tymstra et al., 2011) and 10% (1/10) of patients (Tymstra et al., 2010 ) whose implants were restored 3 to 6 months after the implant placement (conventional restorations). Conversely, a higher percentage of inter-implant mucosa fill corresponding to scores 2 to 3 was noted for immediately restored implants (72.7% to 88.5%) (Degidi et al., 2008; Kourkouta et al., 2009 ).
When taking into account timing of implant placement, the clinical investigation, where both immediate and delayed implants were installed, failed to show any correlation between the time of implant placement and vertical inter-implant mucosa dimensions (p = .63) (Kourkouta et al., 2009 ).
| Correlation between horizontal inter-implant distance and inter-implant mucosa fill
A statistically significant correlation (p = .008) between horizontal interimplant distance and inter-implant mucosa fill was indicated in 1 out of 4 papers included (Kourkouta et al., 2009) . Two studies (Kourkouta et al., 2009; Tymstra et al., 2010) supported the necessity of inter-implant distance of at least 3 mm in order to have an acceptable mucosa fill (acceptable mucosa fill defined as the distance of ≤1 mm from the tip of inter-implant mucosa to the contact point (Kourkouta et al., 2009) 
Random sequence generation Low risk
Randomization by minimization (Altman, 1991) Sample size calculation performed. Two implant types used in two patient groups. All clinical parameters assessed by one and the same examined horizontal distance (p < .001) (Tymstra et al., 2011) . However, the increased loss of bone did not affect the fill of the inter-implant mucosa.
The main conclusions and proposed suggestions of the included studies are summarized in Table 8 .
| DISCUSSION
The aim of the present systematic review was to investigate the current level of clinical evidence on the inter-implant mucosa fill with regard to the inter-implant horizontal distance between two adjacent implants in the aesthetic zone.
Basically, the literature search revealed that few studies have focused on the proposed question, and in the final search stage, just four studies fulfilled the inclusion criteria and were included in this review.
In particular, a tendency towards incomplete inter-implant mucosa fill at a decreased inter-implant distance was noted in 3 of the included papers (Degidi et al., 2008; Kourkouta et al., 2009; Tymstra et al., 2010) . According to the different authors, in order to reduce the risk of incomplete inter-implant mucosa fill, implants should be placed at least 3 mm apart (Kourkouta et al., 2009; Tymstra et al., 2010) or at a distance of >2 mm and <4 mm (Degidi et al., 2008) . The later study observed compromised inter-implant mucosa fill when the distance T A B L E 6 Measurements of the horizontal inter-implant distance and probing depth (PD)
Author
Horizontal distance
Vertical distance mean±SD (range) mm PD # mean ± SD (range) mm Degidi et al. (2008) Distance between the two implant -abutment junctions between the two adjacent immediate implants was >4 mm (Degidi et al., 2008) . In addition, in clinical situations where implants cannot be positioned at a distance of ≥3 mm due to a lack of space, a single implant with a cantilever was suggested (Tymstra et al., 2010) .
When considering the time of implant placement (immediate or delayed), one might assume that in immediate implants, the peak of the bone crest after initial resorption might be higher than the bone level following delayed implant placement. This in turn might result in superior treatment outcomes. The previous clinical study found higher bone loss between the two adjacent immediate implants in the anterior maxilla compared with delayed implants (p = .026) (Kupershmidt et al., 2007) . However, this study did not evaluate the inter-implant soft tissues (Kupershmidt et al., 2007) . According to the results of the present review, it is difficult to draw a final conclusion regarding how the time of implant placement influences inter-implant mucosa fill, as only one study compared both treatment approaches, though it failed to establish any association (Kourkouta et al., 2009 ).
Based on the recent findings, a tendency toward improved clinical outcomes with regard to the inter-implant mucosa fill corresponding to a Jemt's score of 2 or 3 was noted for immediately restored implants compared to conventionally restored ones (72.7% to 88.5% (Degidi et al., 2008; Kourkouta et al., 2009 ) and 21% to 32% (Tymstra et al., 2011 ) of inter-implant spaces, respectively). However, considerable differences in the design of the included studies do not allow for a direct comparison of the results.
It should be emphasized that the presence or absence of interimplant mucosa fill might be influenced by a number of other factors besides the horizontal distance between adjacent implants and/or the time of implant/restoration placement. In particular, Kourkouta et al. (2009) found the location of the inter-implant mucosa tip to be highly determined by the apico-coronal position of the implant, showing that a deeper implant placement was followed by a short inter-implant mucosa and dark triangle (Kourkouta et al., 2009) . The same study also evaluated the influence of the soft-tissue biotype on the inter-implant papilla dimensions but failed to reveal any correlation between both parameters (Kourkouta et al., 2009 ).
In the present systematic review, all 4 included studies used twopiece implant systems with matching implant-abutment junctions. In contrast, a clinical study in which implants with internal conical connections and platform-switching characteristics were used failed to identify significant differences in inter-implant bone-level changes in implants placed at different inter-implant distances (i.e., at 2 mm, 3 mm, and >4 mm) (Koutouzis, Neiva, Lipton, & Lundgren, 2015) . Even though the outcomes of inter-implant mucosa fill were not reported, these results lead to the assumption that the implant-abutment interface might be one of the factors that influence the outcomes of inter-implant mucosa fill.
Another important aspect might be soft tissues thickness. Several studies confirmed that initial peri-implant vertical soft tissue thickness is an important factor to maintaining crestal bone stability, which may also affect inter-implant mucosa fill (Linkevicius, Apse, Grybauskas, & Puisys, 2009 . This parameter could also be important in the discussed issue; however, none of the evaluated studies in the present review registered initial vertical soft tissue thickness before implant placement. Similarly, the potential influence of other factors such as timing of implant placement and/or implant restoring, platformswitching or the material and shape of the abutment on the interimplant mucosa fill could not be estimated in the present analysis and need to be addressed in future studies.
| CONCLUSIONS
Based on the available evidence, it is not possible to define a precise value for the optimal horizontal distance between two adjacent implants.
Author Main findings and conclusions Degidi et al. (2008) The percentage of the inter-implant mucosa fill presence decreased when two implants were placed at a distance ≥4 mm
To guarantee a better aesthetic result, two immediate adjacent implants should be placed at a distance of >2 and <4 mm Kourkouta et al. (2009) Inter-implant papilla fill was influenced by horizontal distance between the implants (p = .008). Supports the accepted importance of a 3 mm horizontal distance between implants. Tymstra et al. (2010) In 5 of 10 patients, inter-implant distance was <3 mm and this jeopardized the inter-implant bone crest level, and consequently, the complete filling of inter-implant mucosa.
The authors propose that when there is not enough space (at least 3 mm between the implants), it is preferable to place one implant and an implant-supported restoration with a cantilever. Tymstra et al. (2011) The smaller horizontal distance between adjacent implants in the test group * group could have influenced a significantly higher marginal bone loss.
With regard to inter-implant mucosa fill, there were no differences between the test and the control ** groups. 
